The objective of the present study was to evaluate the effect of clinoptilolite and calcium levels on uric acid and calcium blood profile and bone quality of commercial layers. A total of 576 birds were distributed according to a completely randomized experimental design in a 3x4 factorial arrangement (calcium levels of 2.5, 3.1, or 3.7% and clinoptilolite levels of 0.0, 0.15, 0.25, or 0.50%), into 12 treatments with six replicates of eight birds per cage (experimental unit). The experimental period was 112 days. The experimental diets were based on corn and soybean meal. Results were submitted to analysis of variance and means were compared by the test of Tukey at 5% significance level using SISVAR statistical package. Blood uric acid was significantly influenced by the interaction of the evaluated factors. Clinoptilolite levels significantly increased blood calcium levels. There was no effect of dietary calcium levels on any of the evaluated characteristics. It was concluded that feeding layers with up to 0.50% clinoptilolite does not benefit blood uric acid and calcium concentrations and does not affect their bone quality. When layers at the end of the first laying cycle are fed ad libitum and present 119.50g/hen/day average feed intake, 3.1% dietary calcium promotes 3.7g/hen/day calcium intake, which is sufficient to maintain adequate calcium blood levels and bone quality.
Effects of dietary clinoptilolite and calcium levels on uric acid and calcium blood concentrations and bone quality of commercial layers
Ammonia is a harmful substance absorbed by clinoptilolite (Shurson et al., 1984) . High ammonia levels in the intestine are toxic (Zigger, 1998) , causing, for instance, changes in calcium absorption due to the possible reduction of vitamin D activation in the liver and in the kidneys. Such organs have regulatory mechanisms to try to eliminate toxic substances from the body (Macari et al., 2002) and these may be overwhelmed by high ammonia levels. One of the consequences of impaired calcium absorption is poor bone quality. Calcium and phosphorus are essential for bone tissue synthesis, and the balance between the deposition and the mobilization of these minerals may increase or reduce bone mass (Pizauro Jr., 2002) .
Therefore, this study aimed at evaluating the effects of different dietary clinoptilolite and calcium levels on blood uric acid and calcium contents and on the bone quality of commercial layers.
MATERIALS And METHodS
In total, 576 Hisex Brown® layers, 67-week-old in the beginning of the experiment, were housed in laying cages. Birds were distributed according to a completely randomized experimental design with a 3x4 factorial arrangement (three calcium levels x four clinoptilolite levels) into 12 treatments with six replicates of eight birds each. Calcium was added to the diet at 2.5, 3.1, or 3.7% and clinoptilolite at 0.0, 0.15, 0.25, or 0.50%.
The experimental period was 112 days. The lighting program adopted was 17 hours of light daily. Birds were offered feed and water ad libitum during the entire experimental period. The experimental diets were based on corn and soybean meal and were formulated according to feedstuff compositions and nutritional requirements of semi-heavy layers in lay recommended by Rostagno et al. (2005) , except for calcium levels (Table 1) .
At the end of the experimental period, uric acid and calcium blood levels were determined. Bone quality was assessed by bone mineral density, breaking strength, and ash percentage in the tibia.
In order to determine uric acid and calcium blood concentrations, 3mL of blood were collected from six birds per treatment by brachial vein puncture using 5mL syringes and 0.55X20mm needles. Blood was always collected in the morning, immediately before lay, aiming at minimizing possible interferences on blood Effects of dietary clinoptilolite and calcium levels on uric acid and calcium blood concentrations and bone quality of commercial layers calcium levels. The collected blood was immediately transferred from the syringe to vacutainer® (BD) tubes containing sodium heparin as anti-clotting agent. Tubes were centrifuged at 5000rpm for 10min to separate the plasma. Uric acid and calcium blood concentrations were determined according to the methodology proposed by Perkin-Eimer Corporation (1996) . Six birds per treatment (one per replicate) were sacrificed to collect the left tibia for bone quality assessment. Mineral density was determined by optical densitometry of bone radiographs, and expressed in millimeters of aluminum (mm Al), according to Louzada (1994) .
After bone mineral density determination, bone breaking strength was analyzed. A specific cell, coupled to a texture analyzer (Texture Analyser TA. XT Plus) with the use of a probe (Blade Set HDP/BS) at 2mm/s pre-test speed, 1.0mm/s test speed, and 40mm/s posttest speed, was used. Tibiae were placed at the central position with 6cm clearance, allowing the comparison of breaking strength values. A software program recorded the strength required for complete bone breaking and values were expressed in kilograms-force (kgf).
After breaking strength evaluation, bone ash content was determined according to the methodology proposed by Nogueira & Souza (2005) .
Results were statistically analyzed using SISVAR statistical package, according to Ferreira (1998) . The obtained data were submitted to analysis of variance and means were compared by the test of Tukey at 5% significance level. Regression analyses were used when applicable.
Results and discussion
Blood uric acid level was affected by the interaction between clinoptilolite and calcium levels (Tables 2 and 3) .
Feed intake was not influenced (p>0.05) by dietary clinoptilolite or calcium levels. Reviewing the literature, there are different and consistent results relative to our findings (Nakaue & Koelliker, 1981; Roland, 1988; Roland et al., 1991; Frost et al., 1992; Shariatmadari, 2008; Pelícia et al., 2011) . The contradictory literature reports may be due to the use of different layer genetic strains as well as different zeolite and calcium levels and sources applied in the diets.
Clinoptilolite levels influenced (p≤0.05) calcium blood concentration. The highest concentrations were obtained in birds fed 0.25% clinoptilolite and those fed the control diet, with no clinoptilolite. Hens supplemented with 0.50% clinoptilolite presented the lowest calcium blood levels, whereas those fed 0.15%, presented an intermediate concentration. Therefore, according to the results, dietary clinoptilolite supplementation effects were not beneficial to calcium blood levels, as birds not fed this zeolite presented statistically similar calcium blood levels as those supplemented with 0.25% de clinoptilolite; therefore, its use for this purpose is not viable. These results are consistent with the findings of Frost et al. (1992) , who did not observe any beneficial effects of the dietary inclusion of zeolites (0.75%) on total calcium blood concentrations of commercial layers. Roland et al. (1985) also did not find any influence of 0.0-1.5% zeolite dietary levels on calcium blood concentrations of layers. On the other hand, Leach Jr. et al. (1990) verified significant increase in broiler calcium blood levels with increasing dietary zeolite levels (0.0, 0.75, and 1.5%).
Dietary calcium levels did not affect (p>0.05) calcium blood concentration. Based on feed intake, it was calculated that calcium intake ranged between 2.96g/hen/day for layers fed the lowest calcium level and 4.34g/bird/day for those fed the highest level. Pelícia et al. (2011) , working with 3.0-4.5% calcium levels in semi-heavy layer diets at the end of the first laying cycle, also did not observed any differences in calcium blood level, although calcium intake linearly Effects of dietary clinoptilolite and calcium levels on uric acid and calcium blood concentrations and bone quality of commercial layers increased with increasing dietary calcium content. Roland et al. (1985) also did not find any significant change in calcium blood concentrations in layers fed two different calcium levels (2.75 and 4.00%). On the other hand, in second-cycle layers, blood calcium concentration linearly increased with dietary calcium levels, as well as calcium intake (Pelícia et al., 2009) . In the present study, calcium intake numerically increased with dietary calcium levels, but blood calcium concentrations were not affected (p>0.05) by calcium intake.
The reported results are contradictory and may be attributed to differences in methodology, genetics and bird species, production periods, dietary calcium levels applied in the above-mentioned studies, which, according to Macari et al. (2002) , may all affect calcium absorption rate. Calcium homeostatic mechanisms maintain extra-cellular calcium levels constant (Macari et al., 2002) . In the present study, hens fed marginal calcium levels (2.5 and 3.1%), corresponding to 2.96 and 3.70g calcium intake/hen/day, respectively, presented constant calcium blood concentrations. The deficiency of this nutrient in the diet was probably compensated by calcium reabsorption in the kidneys and bone resorption. Table 3 shows that clinoptilolite levels influenced uric acid blood concentration when hens were fed 2.5 and 3.1% calcium. Those fed 2.5% calcium presented the lowest uric acid concentrations when combined with the zeolite, independently of level, whereas those fed 3.1% calcium had lower uric acid blood concentrations when no or 0.25% zeolite was fed. The diet containing 0.50% clinoptilolite and 3.1% calcium promoted the highest uric acid concentration. Uric acid blood concentration of layers fed 3.7% calcium was not influenced by dietary clinoptilolite level. Therefore, the results show that clinoptilolite was more effective when marginal calcium levels were fed, which was also found by Leach Jr. et al. (1990) .
Blood uric acid concentrations of hens fed diets supplemented with 0.50% or no clinoptilolite were affected by dietary calcium levels. When hens received no clinoptilolite, blood uric acid concentration was significantly reduced with increasing dietary calcium level, decreasing from 18.54mg/dL when hens were fed 2.5% calcium to 6.15mg/dL when 3.7% calcium was offered. Birds fed 0.50% clinoptilolite presented the highest uric acid level when the diet contained 3.1% calcium.
Bone quality results are presented in Table 4 . There was no interaction (p>0.05) between clinoptilolite and calcium dietary levels, nor isolated effects of these factors on bone mineral density. This indicates that the dietary inclusion of clinoptilolite did not affect bone calcium resorption or deposition processes.
The lack of effect of dietary calcium levels on bone mineral density observed in the present study is consistent with the finding of Araújo et al. (2006) , who also did not detect any differences in bone mineral density in the tibiae of broiler fed 0.8 or 0.8 e 0.6% calcium. On the other hand, Schreiweis et al. (2003) found a significant negative linear trend in bone mineral density when decreasing dietary calcium levels (5.4, 3.6, and 1.8%). Almeida Paz et al. (2008) observed statistically lower bone mineral density of the tibiae of layers fed 1.8% calcium compared with 3.8%.
There was no interaction (p>0.05) between clinoptilolite and calcium dietary levels, nor isolated effects of clinoptilolite and calcium dietary levels on bone breaking strength or bone ash percentage. However, Leach Jr. et al. (1990) , working with different synthetic zeolite (0.0; 0.75 e 1.5%) and calcium (0.31; 0.39; 0.47; 0.59 e 1.01%) levels in broiler diets, found that bone ash content increased when zeolite was added to low calcium diets, whereas it decreased broilers were fed zeolite and adequate calcium. The absence of influence of dietary calcium levels on bone breaking strength in the present experiment was also observed by Almeida Paz et al. (2008) .
The obtained bone ash percentage results are not consistent with the findings of Leach Jr. et al. (1990) , who reported higher bone calcification as dietary calcium increased.
The absence of effects of dietary clinoptilolite and calcium levels on bone quality parameters suggests that the hens' homeostatic mechanisms were able to maintain extracellular calcium levels constant without the need of mobilizing calcium from the bones. The bone Effects of dietary clinoptilolite and calcium levels on uric acid and calcium blood concentrations and bone quality of commercial layers quality results reported in literature are contradictory and may be attributed to differences in methodology, genetics and bird species, production periods, zeolite sources and levels, dietary limestone solubility, dietary calcium levels evaluated, which, according to Macari et al. (2002) , may all affect calcium absorption rate.
ConCLuSIonS
It was concluded that the inclusion of up to 0.50% clinoptilolite in layer diets does not affect blood uric acid and calcium concentrations or bone quality.
When layers at the end of the first laying cycle are fed ad libitum and present 119.50g/hen/day average feed intake, 3.1% dietary calcium promotes 3.7g/ hen/day calcium intake, which is sufficient to maintain calcium blood levels and bone quality. 
